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ABSTRACT 
Epstein Barr virus (EBV) was first discovered in Burkitt-Lymphoma cells. It was later found in 
nasopharyngeal cancer (NPC) cells, which attracts the attention of many researchers. EBV genes 
produces some factors when the genes are expressed. The factors produced include basic tegument 
proteins, glycoproteins, capsid proteins, nuclear antigens as well as RNAs. Previous studies show 
that EBER 1, one of these factors somehow interact with ribosomal protein L22, which was found 
in the 60S large ribosomal subunit of the ribosomes. Its function remains unknown, but somehow 
its association with one of the factors from EBV genes was believed to be the cause of cancer. Thus, 
this study was conducted to perform the prediction of interaction between RPL22 with the factors 
of EBV genes using bioinformatics tools, and at which region of the proteins or RNAs do they 
interact. The research involves the analysis and aligning of multiple sequences for template 
selection, and the prediction of molecular models of the proteins and RNAs involved, besides the 
docking attempts of two models to find the possible interaction. Seven of the EBV factors were 
successfully generated and docked with RPL 22. Root mean square distance (RMSD) calculated 
between the docked proteins show strong interactions between RPL 22 and seven of the factors, 
which interaction may lead to arrested biological functions such as apoptosis, cell signaling and 
cell proliferation. 
Keywords: Epstein Barr virus, nasopharyngeal cancer, ribosomal proteins L22, bioinformatics 
tools. 
AMTRAK 
l'irus Epslein Barr lelah dikenal pasli daripada sel Burkill-Limfoma. I1rus ini kemudiannya 
di/emui dalam sel kanser nasoforinks yang membualkan VIrus ini mendapal perholian penyelidik. 
Cen EBV menghastlkan foktorfoklor lerlenlu apabila mengalami pengekspresian. Kajian 
lerdahulu menunjukkan bahawa EBER J, salah salu foklor virus EBl'lelah berinleraksi dengan 
prolein nbosom L22 dan dipercayai lelah menyebabkan kanser. Juslem, ka;ian ini d(jalankan 
unluk men genal pasti kemungkinaJ1 wlfiudnya perhubungan anlara prolein nbosom L22 dan 
.faktorfoklor EBI'yang lain menggunakan kaedah bioinformalik. Ka;ian ini mellbalkan analisis 
penjajaran jllJukan berganda, ramal an slruklur lerlier prolein dan RNA serla pencanluman dlla 
model prOlein unluk meramal penginleraksial1. TlIJuh daripada foktorfoklor EBl'lelah be/jaya 
dihartlkan dall masing-masing dicanlumkan dengan prolein nbosom L22 Jarak RMSD lelah 
diukur dan pencanluman prolein-prolein lersebul meJ1ul1jukkan perhubungan kual me/alui molt! 
prolein nbosom L22 yang mungkin menyebabkal1 proses biologi lertenlu lerbanlul. 
Kala kunci: virus Epsleil1 Barr, kanser nasoforillks, prolein nbosom L22, alaI-alaI bioinformalik. 
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1.0 Introduction 
Ribosomal protein L22 (RPL22) was known to associate with Epstein Barr virus-encoded 
small RNAs 1 (EBER 1) as studied by Toczyski (1993), though the molecular mechanism 
of the interaction has yet to be elucidated. Typically, EBV genes will produce factors such 
as Epstein Barr nuclear antigens (EBNA), latent membrane protein (LMP) an 
EBV-encoded small RNAs (EBER). However, when EBV genome are purified and 
expressed, tegument proteins will also be produced, which were usually found to occupy 
the space between the nucleocapsid and the envelope of the virus particle and may involve 
in transcriptional regulation, apoptosis and DNA replication (Kelly, Fraefel, Kunningham 
& Diefenbach, 2009). These types of proteins typically exist in all types of herpes virions, 
including human herpesvirus Type 4, which is also known as Epstein Barr virus . When the 
genome is expressed, tegument proteins such as BPLF, BOLF, BVRF, BRRF, BHLF, 
BMRF, BLRF, BZLF and BARF will be produced, and each of them plays their respective 
significant roles in functioning of herpesvirus (Johannsen et aI, 2004). Besides the typical 
factors of EBV such as EBNA, LMP and EBER, it is possible that these tegument proteins 
may also interact with ribosomal protein L22 (RPL22). In predicting protein-protein 
interaction or protein-RNA interaction, comparative modeling of the factors should be 
done in order to obtain the template protein model, before proceeding to next sequential 
step which is molecular docking. In building good protein models, Basic Local Alignment 
~. 
Search Tool (BLAST) will be used to find the template sequences of the proteins. In this 
case, position spec ~fic iterative BLAST (PSI-BLAST) which is one of the protein BLAST 
algorithm was used for its higher sensitivity in searching template sequences compared to 
standard protein BLAST. BLAST search identified seven factors of the EBV genes which 
templates are exist in the Protein Data Bank. Multiple sequence alignment was done to 
identify protein motifs and conserved regions. In building of protein model, SWISS 
MODEL web server was used, and the resulting models were analyzed for QMEAN4 score 
and Z-score. The evaluation and validation of built protein models was done by using 
PROCHECK. a protein quality check tool that evaluate angles of protein residues and 
visualized them into Ramachandran plot. For RNA, energy dot plot was evaluated for its 
quality. After models evaluation, docking was done between RPL 22 and the seven factors 
ofEBV, namely BARF 1, BGLF 5, BHRF 1, BZLF 2, glycoprotein B, glycoprotein Hand 




2.0 Literature Review 
2.1 Epstein Barr Virus 
Epstein Barr virus is a type of herpes virus, which infection could remain latent for years 
without showing any symptoms or infection. This virus is predicted to be responsible for 
approximately I% of human cancers, besides the possibility to contribute to other disorders 
such as multiple sclerosis (Arvey el aI, 2012). EBV was also perpetually detected in 
nasopharyngeal carcinoma (NPC) which tumour results from proliferation of a single cell 
infected with EBV (Raab-Traub, 2002). Its mechanism of infection in NPC was reported to 
be via SC protein interaction (Lin el aI, 1997). When the EBV genes are expressed, 
commonly produced factors are EBNA, LMP and EBER. However, according to 
Johannsen el al (2004), when complete purified genome of EBV are translated, it will also 
produce tegument proteins; a type of protein that is found between nucleolus and envelope 
of herpes virion particles. These proteins may be associated with apoptosis, DNA 
replication or transcriptional regulations, besides their main function as capsid or scaffold 
proteins (Kelly el ai, 2009). The expression of EBV genes may result in production of 
tegument proteins such as BDLF, BPLF, BFRF, BORF, BVRF, BSRF, BBRF, BNRF, 
BLRF, BZLF and BALF. According to Gent el al (2014), one of the proteins, namely 
BPLF 1 may have interfered in innate immune evasion via toll-like receptor signaling. In 
another study by Zhang el al (1996), it was stated that BZLF 1 and BMLF 1 that play 
important roles in EBV lytic replication may interact with each other and modulate both 
viral transcription and translation. Thus, it is also possible that these proteins might be 
associated with ribosomat protein L22 (RPL22), a ribosomal protein that was earlier found 
to interact with EBER 1 ofEBV genes by Toczyski, Matera, Ward and Steitz (1993). 
3 
2.2 Ribosomal protein L22 
Ribosomal proteins has been known to involve in protein biosynthesis and are generally 
thought to be essential components in ribosome biogenesis, and they may be critical for 
both regulatory and structural functions of the ribosome (O'Leary et ai, 2013). Besides 
their function in synthesizing proteins, ribosomal proteins are believed to possess extra 
ribosomal functions (Wool, 1996). There has been increasing numbers of diseases that 
developed from mutations of genes encoding factors involved in ribosome biogenesis (Liu 
& Ellis, 2006). According to Toczyski and Steitz (1993), ribosomal protein L22 (RPL22) is 
believed to be associated with Epstein Barr virus encoded RNA 1 (EBER 1) and somehow 
relocalizes the protein from nucleolus into the nucleoplasm. This causes an enhanced 
growth potential in human Burkitt's Lymphoma cells, thus causing a tumorigenicity 
(Houmani, Davis & Ruf, 2009). 
2.3 Bioinrormatics tools 
Comparative modeling is a technique of building molecular models by using a template or 
homologue of a particular molecule. In predicting protein-protein interaction or 
protein-RNA interaction, a good model is needed so that the next sequential step which is 
molecular docking will be a success. For a good model, it must satisfy a few criteria before 
it can be selected for docking (Baxevanis & Francis-Oulette, 2005). Before proceeding to 
comparative modeling, a target template sequence must be retrieved from the database. In 
.' 
this case, Uniprot KB database (http://www.uniprot.orgl) for protein database and 
RNACentral (http://rnacentra1.orgl) for RNA database were used . Target sequences are 
retrieved together with the database ID or accession number. 
4 
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2.3.1 Basic Local Alignment Search Tool (BLAST) 
For templates retrieval, Basic Local Alignment Search Tool (BLASJ) was used both for 
protein and nucleotide sequences, As for protein BLAST algorithm, position-specific 
iteration BLAST (pSi-BLASJ) was used since it is more sensitive to weak but biologically 
relevant similarities compared to standard protein BLAST (Altschul et aI, 1997), 
PSI-BLAST performs iterative searches with a protein query, in which sequences found in 
one round of search are used to build a custom score model for the next round. BLOSUM 
series; namely BLOSUM-62 amino acid substitution matrix was used in selection of 
template sequences. Altschul et al (1997) also stated that PSi-BLAST is more refined in 
terms of its algorithm, where two hit method was created, This method involves two steps; 
the first one is the basic scanning of database for words that lies within the threshold value 
(1) when aligned with some word within the query sequence, while the second step is to 
check whether each hit lies within an alignment with sufficient score matrix, According to 
Altschul et al (1997), the sensitivity of this"method is evaluated by using the High Scoring 
Segment Pair (HSP) score. For parameters in selection of template sequences, expect value 
(E-value) is evaluated, which define the number of alignments expected by chance with a 
particular score or better. This is a default sorting metric and for PSi-BLAST, default 
E-value of 0.005 was selected, in which the template sequences with E-values higher than 
this threshold will not be recommended . .' 
2.3.2 C.lUSTAL OMEGA 
ClUSTAl OMEGA (Thompson, Gibson, Plewniak, Jeanmougin & Higgins, 1997) are used 
for multiple alignments of proteins or nucleic acids sequences for identification of common 
motifs that possess certain biological functions. These tools can also be used to identifY 
motifs in a newly characterized sequences for providing insights towards possible 
biological functions (Misener & Krawetz, 2000). CLUSTAL OA4EGA is a new version of 
5 
multiple alignment tool, in which it allows alignments of proteins, RNAs and DNAs with 
higher accuracy and improved scaling to many sequences (McWilliam et aI., 2013). As 
mentioned by Larkin el al (2007), CLUSTAL programs utilize the Neighbor-Joining (NJ) 
method and Unweighted Pair-Group Method (UPGMA) method. The UPGMA method 
applies the "-clustering=UPGMA" algorithm in sequence alignments. In refining alignment, 
Iteration method which optimizes Weighted Sum of Pairs (WSP) score is a very effective 
method (Larkin el aI, 2007). The multiple alignments done will be viewed and edited by 
using Jah'iew. 
2.3.3 SIYISS-MODEL 
SWISS-MODEL (http://swissmodel.expasy.orgl) was initiated in 1993 by Manuel Peitsch, 
and is currently developed by Computational Structural Biology Group based in Swiss 
Institute of Bioinformatics (SIB) and Biozentrum of the University of Basel, Switzerland 
(Kiefer, Arnold, Kunzli, Bordoli & Scwede, 2009). This bioinformatics tool is used for 
predicting 3D molecular models of protein by- using amino acids sequences and homology 
modelling techniques (Biasini el aI, 2014). It also provides model quality estimates by 
using QMEAN4 potential (Benkert, Kunzli & Schwede, 2009) and further model 




A{fold (http://mfold .rna.albany.edu/?q=mfold) was deVeloped in late 1980s by Michael 
Zuker for prediction of RNA secondary structure, which delegates the algorithms of 
minimum free energy (~G) and minimum free energy for foldings that must possess any 
particular base pair (Zuker, 2003). Free energy minimization method is the basic principle 
in predicting RNA secondary structure, where the structure with minimal energy will be 
selected as the most acceptable (Burkowski, 2009). The pattern and distribution of free 
6 
energy will be visualized in a triangular plot called energy dot plot. Burkowski (2009) also 
stated that stacking energies value of RNA loops, pins and stems will be calculated for 
accurate prediction of RNA models. The most recent AgOldprogram is using the improved 
algorithms initiated by Mathews, Sabina, Zuker and Turner (1999), which applied 
expanded sequence dependence ofthermodynamic parameters. 
2.3.5 PROCHECK 
Evaluation and quality estimation need to be done for prediction of the most acceptable 
models by using PROCHECK This tool is hosted by European Bioinformatics Institutes 
(EB1) and is used to check for stereochemical quality of the modelled protein structures 
(Laskowski, MacArthur, Moss & Thornton, 1993). The global parameters in checking for 
the quality of a protein structure is the distribution of phi, psi, chi 1 torsion angles 
visualized in Ramachandran plots and hydrogen bond energies in the modelled structure 
(Morris, MacArthur, Hutchinson & Thornton, 1992). This tool also checks for 'ideal' bond 
length or angles for a protein model. According to Baxevanis et al (2005), a good protein 
model must have minimum exposed hydrophobic residues and maximum polar charged 
residues. 
2.3.6 Cllispm 2. 0 
Cluspro 20 (http://cluspro. bu.edu/) will be the tool used for protein-protein docking. 
Docking attempts of two protein molecules will be done to predict whether the involved 
.' 
molecules interact, and at which region or binding sites do they interact. This tool 
implement an algorithm which evaluate billions of putative complexes and perform 
selection based on complementarities (Comeau, Gatchell, Vajda & Camacho, 2004). 
According to Comeau et al (2004), further clustering will be done after selection of 
structures with good electrostatic and desolvation free energy. 
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3.0 Research Methodology 
Table 1. Bioinformatics tools and origin that were used. 
Tool Host serverlInventor 
Protein Data Bank (PDB) 
(http://www.rcsb.org/pdb/) 
Research Collaboratory for Structural 
Bioinformatics (RCSB)/ (Hamilton, 1971) 
UniprotKB 
(http://www.uniprot.org/) 
European Bioinformatics Institute, 
(EMBL-EBI)/ (Apweiler, 2002) 
GenBank 
(http://www.ncbi.nlm.nih.gov/genbank) 
National Centre for Biotechnology 
Information (NCB I) (2009) 
RNACentral 
(http://rnacentral.org/) 
European Bioinformatics Institute 
(EMBL-EBI)/ (Bateman el aI, 2011) 
BIISicLoclll AU,/llllelll SemrA T(J(JI 
(BLASI) 
(http://blast.ncbi.nlm.nih.gov/Blast) 
National Centre for Biotechnology 
Information (NCBI)/ (Altschul, Gish, 
Miller, Myers & Lipman, 1990) 
CLUSTAL OMEGA 
(http://www.clustal .org/clustaI2/) 
Swiss Institute of Bioinformatics 




Swiss Institute of Bioinformatics 
Biozentrum, University of Basel! (Arnold, 





European Molecular Biology Laboratory, I 
European Bioinformatics Institute 




Swiss Institute of Bioinformatics 




The RNA Institute, State University of New 
York! (Zuker & Markham, 1995) 
CIMsPnJ ..1. 0 (http://cluspro.bu.edul) ClusPro server! (Kozakov el ai, 2013) 
8 
I 
Jlllvkw(http://www.jaiview.orgl) The Barton Group/ (Waterhouse, Procter, 
Martin, Clamp & Barton, 2009) 
RlISMol(http://www.RasMol.orgl) Glaxo Wellcome Research & Development! 
(Bernstein, 2000) 
Pmsile (http://prosite.expasy.orgl) ;Swiss Institute of Bioinformatics 




National Centre for Biotechnology 
Information (NCBI) (2014) 
3.1 Data mining and collection 
Data mining was done in order to obtain the sequences of proteins and nucleic acid from 
the databases. For protein sequences such as ribosomal protein L22 (RPL22), Epstein Barr 
nuclear antigen (EBNA), latent membrane protein (LMP), and other tegument proteins of 
Epstein Barr virus, non redundant Uniprot KB database and Protein Data Bank were used 
as sources. As for RNA sequences such as EBV-encoded RNA (EBER), RNACentral and 
GenBank were used. In retrieving the proteins, accession number or database ID of each 
proteins and RNAs were recorded. In order to identify the site of interaction, the protein 
motif of RPL22 was searched against the Prosite database. 
3.2 Basic Local'Alignment Search Tool (BLAST) 
BLAST was performed to search for sequences having most significant similarities with 
the target sequences against Protein Data Bank and RNA databases to search for possible 
templates. PSI-BLAST was used for searching of protein templates by using the default 
parameters of E-value threshold less than 0.005 and BLOSUM-62 substitution scoring 
matrix, template sequences with identity and query cover ranging from 70% to 100% and 
E-value closest to 0.0 were selected. E-value defines the number of distinct alignments, 
9 
with a score equivalent to or better than S (max score), that are expected to occur in 
database search by chance. The lower the E-value shows higher significance of the score. 
Max score means the highest alignment score (bit-score) between the query sequence and 
the database sequence segment. Moreover, query coverage defines percent of the query 
length that is included in the aligned segment, which is calculated over all segment. 
Identity, on the other hand, means the overall similarity between the query sequence with 
the template results. The resulted templates with query cover and identity less than 70% 
were considered as not having suitable templates. The selected BLASTtemplates were used 
to perform mUltiple sequence alignment using Cluslal programs to study the alignments 
and motifs of protein. 
3.3 Multiple sequence alignment 
Multiple sequence alignment was done by usmg ClUSTAl OMEGA web server. The 
alignment was done in order to visualize the motif and patterns of the target proteins with 
their templates, as weIr as to compare and observe the target-template alignment for 
conserved regions. The multiple sequence alignment was also carried out as a prerequisite 
step for the next method, which is protein modeling that will be done by using SWISS 
MODEl. 
3.4 Protein and RNA modeling 
In protein modeling, the prediction of 3-dimensional structure of the proteins involved in 
the experiment was done by using the alignment mode, which requires the input of 
target-template alignment done earlier by using ClUSTAl OMEGA. The SWISS MODEL 
server used the models obtained from the Protein Data Bank as templates to generate 
protein structures that are somehow similar with the target sequence . The model scores and 
10 
properties to be analyzed such as solvation torsion angles, QMEAN4 score and Global 
Model Quality Estimates (GMQE) score were also provided by the SWISS MODEL web 
server. In RNA modeling, since the generation of RNA tertiary structure was not possible 
due to unstable properties of RNAs and unavailability of templates in the Nucleic Acid 
Database (NDB), only secondary structures were able to be generated by using Affold 
A{fold requires direct input of RNA sequences, thus target-template alignments were not 
needed. The resulting models were saved in pdb format and will later be validated. 
3.5 Protein models validation 
Validation of protein models was done to ensure that the quality of the models generated 
are of high quality and reliable. The quality check for protein models generated was 
performed by PROCHECK which shows the quality of the models by visualizing the 
protein residues into Ramachandran Plot, stereochemistry of the models, main chain and 
side chain parameters, bond length and angle!t, chi plots as well as residue properties. 
3.6 Vedor Alignment Search Tool (YAS1) 
I/IST search was performed look for possible structural neighbours for RPL 22, and 
sequentially to provide a hint or to biologically prove the existence of interactions which 
exist between RPL 22 and the factors of EBV genes, if any. I/IST search produces 3D 
structures that are somehow similar with 3D modet of RPL 22 . The obtained structural 
neighbours were then filtered for human proteins and searched against Pros/te database of 
protein motifs to check for interactions, which was cross-linked to InTact database of 
protein interactions. InTact database then revealed the interactions which existed between 
the structural neighbours and other proteins, and the candidate partners were selected for 
EBV proteins or RNAs. If the structural neighbours do interact with EBV factors, hence it 
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is assumed that RPL 22 will also interact with the factors . The selected candidate partners 
were then proceeded to docking step. 
3.7 Protein docking 
The docking between candidate partners retrieved from inTact and RPL 22 was carried out 
first. After the 3D structures of proteins were validated and accepted as models of good 
quality, the attempts to dock the receptor protein RPL22 with respective ligands; the 
factors of EBV genes, were carried out . The docking was done by using Cluspro 20, a 
molecular docking software hosted by Swiss Bioinformatics Institute. After the docking 
was done, analyzation of the docked models must be carried out to calculate the probability 
of interaction between the receptor and the ligands. Deepview or Swiss PDB Viewer was 
used to visualize the docked models and calculate the root mean square distance (RMSD) 
between receptor's and ligands' protein residues . The interaction was observed whether 
they interact at a specific motif on the receptor (RPL22) . 
.' 
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4.0 Results & Discussion 
4.1 Data mining 
The accession numbers of EBV proteins and RNAs were collected (refer to Appendix A) 
from Uniprot KB database (http://www.uniprot.orgl) . Protein motifs of RPL 22 were 
identified using Prosile database (http://prosite.expasy.orgl). 
Table 1. The possible motifs on the receptor protein RPL22 . (Abbreviation: G-Glycine, K-Lysine, 
I-Isoleucine, D-Aspartic acid, A-Alanine, N-Asparagine, L-Leucine, V-Valine, T-Threonine, S-Serine, 
R-Arginine, E-Glutamic acid, Y-Tyrosine) 










Protein kinase C SkR (phosph?serine) 79-81 
phosphorylation site TkK (phosphothreonine) 87-89 
Tyrosine kinase KesyElrY 1 107-114 
phosphorylation site 
According to Prosile database of protein motifs, RPL22 motifs which were recorded and 
.'
presented in table 2 shows the motifs which functiQn as the site of attachment for factors 
which are responsible in cell signal transduction pathway. For example, protein kinase C 
aids in phosphorylation of a particular amino acid for it to subsequently activate other 
proteins that are involved in a signaling cascade. The phosphorylation takes place on the 
stated motifs on RPL22. Thus, RPL22 somehow plays a significant role in regulation of 
cell signaling. Serine phosphorylation plays a significant role in a wide range of cellular 
processes. In a report by Sluss, Armata, Gallant and Jones (2004), serine phosphorylation 
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